Acropetal I4Clinboleacetic acid (IAA) transport was investigated in roots of corn. At least 40 to 50% of this movement is depe t on activities in the root apex. Selective excision of various populations of cells comprising the root apex, eg. the root cap, quiescent center, or proximal meristem show that the proximal meristem is the critical region in the apex with regard to Influencing IAA movement. The quiescent center has no Influence and the root cap has only a minor effect. Excision and replacement of the proximal meristem with an exogenous supply of 10-I to 10-' molar IAA prevents the reduction in acropetal IAA transport which would normaly occur in the absence of this meristem. Substituting 10-' molar IAA for the excised root cap brings about a significant increase in the amount of IAA moved acropetaly, as compared to intact roots with the root cap stiD in place. From this and previous work, it is concluded that IAA synthesis occurring in the proximal meristem stimulates the movement of IAA from the basal to apical end of the root.
The occurrence and roles of auxin IAA in roots has a confusing and long-debated history (11) . Recent evidence has established definitively the presence of IAA in roots as well as having documented clearly that IAA movement in roots is predominantly polar, towards the root apex (5) . Yet in spite of this evidence, we are still little closer to understanding IAA's function in roots, with much of the current debate centered on the supposed ability of polarly transported a xin to stimulate root growth (8) . A deeper appreciation of how ab in is involved with the regulation of root growth is likely to come from two approaches: first, a realization that roots are very efficient at regulating the metabolism of IAA, a metabolism which is probably very finely controlled (6) ; and second, a realization th;at the root itself has the capacity to synthesize auxin, with the major portion of this biosynthesis occurring at the root apex (3) .
Here, the role of root-produced auxin is explored and a proposal is advanced as to how this auxin interacts with acropetally transported IAA to affect various aspects of root growth.
MATERIALS AND METHODS
Plant Tissue and Culture Conditions. Corn kernels (Zea mays var. Merit) were surface sterilized for 8 min in 3% NaOCl, rinsed three times in sterile distilled H20, and aseptically germinated in the dark at 23 C. After 3 days, seedlings with primary roots 25 to 35 mm in length were selected.
Root Culture and IAA Biosynthesis. For some experiments, the terminal 1-cm portions of roots were excised and transferred aseptically to liquid medium designated S2M (13) In addition to culturing the intact terminal I cm of roots, portions of this tissue were prepared aseptically with the aid of a dissecting microscope and were cultured in the same S2M, ["4C1-tryptophan-supplemented medium. After 4 or 8 h culture at 23 C in the dark on a shaker (60 rpm), the tissues and media were extracted and the ['4CJIAA were identified and quantified using a multidimensional TLC system as described previously (3) . The efficiency of ['4CJIAA extraction and recovery was 50 to 60%/o (3) .
Acropetal Transport of IAA. In other experiments, the terminal I-cm region of 3-day-old roots was used either intact or after having had the terminal 1 mm, RC,' or QC dissected free (4). The remaining tissue then was inserted into a 2-cm long piece of intramedic polyethylene tubing (i.d., 1.7 mm) (Figs. I and 2). Immediately after insertion, the basal end of the root was supplied with a cylinder of 2% agar containing mCi/ mmol, Amersham, Arlington Heights, IL) at a concentration of 5 x 10-8 M. This end of the tube then was sealed with parafilm. At the apical end of the root, a second cylinder of 2% agar was inserted. This agar was either plain or supplemented with l0-7 to 10`0 M nonradioactive IAA. At both ends of the root, the agar was in intimate contact with the tissue. As the root grew, it was free to displace the apically supplied agar. The roots were positioned vertically in a holder in an orientation as shown in Figures   1 and 2 and then returned to the dark at 23 C. Here, as in previous work with cultured roots, exposure to light was kept to a minimum.
When illumination was necessary (e.g. when dissecting free the RC) only dim white light or green light was used. At various times, after having been provided with a basal supply of [I-'4C]-IAA, root tissue was harvested and the location of the radioactivity was monitored. For most experiments, 15 or 50 roots were used and all experiments were repeated at least twice. Roots were subdivided into 2-mm segments and the corresponding segments from various roots were pooled in a scintillation vial to which 0.5 ml NCS tissue solubilizer (Amersham) plus 0.1 ml water were added. The vials then were capped and placed at 40 C for 18 h, after which time 0.25 ml acetic acid and 6 ml scintillation fluid (toluene plus 4 labeled IAA has increased 4-fold over that observed at 4 h. During the first 4 h, virtually all synthesized I'4CJIAA occurs in tissue to which a portion of the terminal mm is still attached. Removal of the root cap does not decrease the amount of labeled IAA recovered and, in fact, increases the yield (827 versus 663 dpm) (Table I) . By 8 h, some IAA synthesis has occurred in tissues from which the entire terminal mm has been removed. However, the amount of labeled IAA synthesized in this tissue (i.e. apical I cm minus the terminal I mm) is considerably less than in tissues with part or all of the terminal I mm still attached (800 versus 2891 dpm).
Acropetal IAA Movement. Because of an ability of IAA to diffuse from the agar into the root tissue immediately adjacent to the agar, the radioactivity recorded in the zone of tissue directly in contact with the agar (designated the 8-to 10-mm section) varied considerably. Thus, all further data of IAA movement in root excludes consideration of the radioactivity in the 8-to 10-mm section or root tissues.
Partial or complete excision of various portions of the terminal mm may influence the acropetal transport of IAA (Fig. 3) . The transport during the 4 Distance from root tip (in mm) FIG. 3. Histogram showing the distribution of "C label and the total amount of "C label (large numbers within individual histograms) in four treatments after various periods of transport. As explained under "Results," the radioactivity in the 8-to 10- (15) . In general, polar transport within root segments is not observed when one expresses the amount of label found in a particular region of the root segment as a percentage of the net label accumulated from the donor block (15) . This has led Wilkins and his associates (15, 16) to conclude that only a portion of the radioactivity moved in roots does so in a polar manner, whereas some second form of movement must be associated with the remainder and major portion of radioactivity found in root segments. With regard to the pronounced polar IAA movement into agar blocks, it is suggested that some "essential factor" might be necessary and that a lack of this factor could account for the observed decrease, with time, of polar IAA transport into the agar blocks (16) (12) . Recently, however, Pernet and Pilet (9) have provided evidence that the root tip does indeed influence the acropetal transport of radioactively labeled IAA. They observed that the absence of the root apex reduced the radioactivity accumulated in apical fragments of roots as compared to intact roots. That observation has been confirmed here (Fig. 3) . The results here indicate that between 40 and 50%o of the acropetal transport of IAA may result from activities of the apex. This is most clearly seen at the 4-h time point (162 versus 90 dpm). By 12 h, it would appear that regenerative processes have occurred in roots from which the terminal I mm has been excised so that no differences are observed between these and intact roots (Fig.  3) . After 4 h transport, roots from which only the QC has been excised (the RC remains still attached to the root) differ little from intact roots with respect to the amount or distribution of radioactivity within the root. Removing the RC leads to a slight (5 to 10%1o) reduction in the amount of radioactivity accumulated in the segment. Beyond 4 h and up to 24 h transport, the results of movement of label in the minus RC or minus QC roots are difficult to interpret and may reflect complicated regenerative events known to occur in roots from which portions of the terminal 1 mm have been excised (1) . From the work presented here, it is concluded that the region of the root apex which most influences acropetal transport of auxin is a zone of cells adjacent and basal to the QC. This zone of tissue is known as the proximal meristem and has previously been considered the locus for the production of most new cells in a growing root (2) . Recently it has been Considerable evidence for auxin stimulation of its own transport exists for coleoptiles (7, 10) and for Coleus explants (14) and, thus, this apparent self-stimulation in roots, although occurring at a lower concentration than reported in shoots, is not a feature peculiar to roots.
Removing the root's endogenous source of auxin could lead not only to an immediate reduction in the amount of IAA transported but, moreover, as residual endogenous auxin is metabolized, could in part account for the reported decline with time in auxin transported in isolated root segments (12, 15, 16) . Even when the apex remains attached, a decline in the amount of acropetally transported IAA eventually occurs (Table II) . This may be a consequence of removing the root from its source (the shoot) of auxin precursors. Other explanations are also possible.
Since removal of the RC alone does result in a slight (statistically significant, P = 0.10) decrease in the amount of 4C acropetally transported (Fig. 3) (intact, 168 dpm; minus RC, 148 dpm) it was suggested that the cap like the proximal meristem could be a source for some endogenous auxin in roots. The results (Table III) from replacing the excised cap with exogenous supplies of IAA are difficult to interpret, but data obtained after 4 h transport, before regenerative processes have progressed to any great extent, are probably most meaningful (1) . Note again that removal of the cap produces a slight reduction in acropetal 14C transport. Applications of 10`' M IAA in place of the cap most closely duplicate label transport patterns in intact roots. Inhibition of acropetal transport occurs with 10-' M IAA, whereas 10-9 M IAA in place of the cap more than doubles the amount of 14C transported acropetally, compared to intact roots ( 109 versus 266 dpm). These data (Table III) suggest that normally auxin levels in RCs are usually low, probably close to 10-"' M. Moreover, the data (Table I) point to a phenomenon presented previously (3), namely, the apparent involvement of the RC in regulating IAA metabolism.
From earlier work, it was concluded that excision of the cap decreases markedly the breakdown of IAA, resulting in the reported higher recoverable IAA levels for apices lacking a RC, as contrasted with intact terminal I mm segments (827 versus 663 dpm) (Table I) . If indeed the cap is important in IAA turnover and the proximal meristem in IAA biosynthesis, then removing one, but not the other, tissue could markedly upset the endogenous IAA balance in the root. Thus, the high 'C transport values reported for applications of 10-9 M IAA in place of the excised RC may be a manifestation of this disturbed metabolism.
In order for the 14C transport data to be meaningful, it is (Table   IV) . These results (Table IV) are typical of what is observed in intact, minus QC, or minus RC roots and do not appear to be modified by the presence of IAA in the apical agar block.. In summary, any appreciation of how IAA affects root growth must include a consideration of the fact that IAA can stimulate its own movement in root tissue. This may be an important way by which roots regulate the amount of IAA moving from the shoot to the root apex. However, it remains to be established whether root-produced IAA has such a stimulatory role.
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